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(54) \3mo&m fc£to*mfr9tmm*¥-&fc& 

(57) [SSfcl 

m& tmmix Rati x cnmm&fr $> nw&tfzm 




(2) 



«P0H¥ 1 1 - 3 1 2 6 ? 0 



±.Um k TSBffiS. If ~ r*ffMM £ , ±§Rffif 2Mlfc# 
*-T*te#fik . 

K . &tw-b r * - *r M*-* - •?» tubwr-k-r 9 

[if** 3 ] friBT>^--Tjii^s.au : 'ffis-t^- 7 ° 
mi^*??-izmm3:ftL*r*:T?-®&^mzj: 

^ s s * it . fu far y * - r <ofne 
ag&#friK*kji*g*iLs:: t &^k-tsif*ii3ie 

T&mm* 79- mm i tzamx—&^mm £ n 
tzryt-nrn'SZIsfr. 

mm&tjLt-^Thi. mi^79-w^m±^ 
-7° f-rmzom. l tzmmm t-9v$>i,zbzmi 



#a k ? h mim 6 t B«^{h^¥**ft*Btffl 
hw, i #*«te¥8k m 2 $ o k** . 

79-7X3 ••/ ? k , V-t79-^\ s im^b^- J t79- 

®m&b*-&*. 

mi*t*79-7v ~v9\imil^79-®^'c mlB 
-fr-b 7° ? - ^[>PM k Srgg-t S »7JB k , buIB^ 1 
at^SS 2 ^ x ^ $ ti h if * ti i: A A $ i i S 

ffiB-f-t 7 9 - wn jsatiHft $ futJBau^iinas a 

btoTMfrbte&Zti. mi-*t±79-&mffiffl*W. 

tuft* ^fe«8R^33fi*** « 

ffif AgP^Effi^iiHuffim 1 ^^ft^^j^S^iiT 

MfBH i /fxviMtxm&ztiiztix&taiff&ifMn 

&m k mflB-t-br^ -co^mm^lH^ t J; ') H5e $ 
IB-f -b r ^ - ^WflfifS k MIB^-b 79- mM<r> * 

-mm^b nmzfiSLA tx^Fimu^mizf±mta 

l X frffE-t -b r*-HH£S£±ir- $ * . fflfiif ASBOII 

& it t x im $ titz ^xt)W\ti^7 9 - nnK»«tf ^ 

PJflf»k MIB-f ±79 -7u "/9C0inx%t 

ligTiA L T lulB^^^ffi k ff 3£ L T frlE-f -b 7° f - HI 

lK»SrllIK5-fr4 i o {i«fi£LT ^rS; k S:«Hak-M» 

[000 1] 

flap. 1$tGaN¥#*l!itffl*¥RflaSFC:»tS. 
[0002] 

[^*«S»] 3yta-^. aft. 7W^f 

it. fflAit. mmit. wgLfc£mtz*ibiJ s x'£&tt& 
m^mfom? &*m##x. ^97 >m^mc zmm* 

[0003] {t&wpmm&T <^7va ^ < * 

— F (LED) x 3ftlfl. CD/VD(compactdisc/video disc)^ 
LD( laser diode), gftM?. t°j.-^(rray) 

mm^f. mgmm&ttb'icm^tixto*). Mk. 



(3) 



ftfflW- 1 1 -3 1 26 50 



ii*fe( red ) . H£ (green). *fe(blue)& t* 3fe 
c 7 )LED£f§£-,b-£T:£feT 4 -X7°W (full color displ 

[00 04] ;<7)4 , 'C. #feLEW±tt450nigJlW*^jft 
LIU- Vnitride^W*»*tt|5J'Cft&AlN, Ga 
N. InNf Jf'^liS'tS. (AlXGal-X)l-yInyN{i^*filS 
iEH ( i s: x 22 0 . 1 s y 0) T-HS^flSx *n •df*-#«3t 

A> ^6 . 2eV (f£ffli£ft$EH : 370-650nm) i 4 1 > 

[0005] 1 1 1 — v w-M{m*mfcmm.-t s ttia 

T&WlI^ft^flUfc^^ffllMi (inetalorganic chemical v 
apor deposition, MOCVD)^g*:f£ffl-f -I<7)^g 

[0006] Sitramiis. -t-br^-^nnc?* 

IRWJ? $ Rffi , 7K¥RIE*P-C1±1S (lam 
i narf 1 ow) i^WSL b Til (3ffM 5 ftSfi^E-JF X'OiM 

[ 0 0 0 T ] tfc*^*-^ JaErttSia^-bT^-OS 
L -ft* v » 1 1 ^ £ * LT is •) . *n -tM 

rates i> itw*-f acr t * o . *-\*asjM* 

[0008] GaN^»Srl!St^4fi!*affii:R|-t«..-X 

IfitLTti. T. Nakamori, Nikkei Electronics Asia, 
0(1), 57(1997). M. Kamp, Compound Semiconductor, 2 
(5) ,22(1996) , 1. Bhat, Compound Semiconductor, 2 
(5), 24(1996), S. Nakamura. Microelectronics, J., 2 
5(8), 651 (1994) Strite and H. Morkoc, J. Va 
... Sci. Technol., BIO (4) . 1237(1992)^h"* i S)4 , 
[0009] 

[00 10] 

izxiui . ¥m#mimf&. ztizwmz m-th^^r 



& b mm L X T > - * -~ TPXftc?) fJJfcii^WMi fflEM 

fit . 'ry^=~T^X^%mthtz>sh<^T> '^—TtfX 
W&Wktf^-t 7° 9 - £ JHf&t & /•^^ -b ^ * -SP 

[0011] Si L < (i. *«BB(IJ: lik&WHHMSL 

[0012] $ ibta* L < (i. r - rfit^jn^ 
-ffM^* r ^ - tiafS&miRf ^ -f /l t - 9 ~z*fo o . 

-*-feT*-ti*KS:iftL. -f-br^-[5]te¥mcJ: ') 

LTisttoiiTii^-ojD^m; '>-r:fln»$ii^ 

[0013] $*bHSi L<{i. ryt-r(ft|^{±R 

ill, 

[0014] SoKiSi L<ti. ^--tr.^-iHite^ii 

[ o o i 5 ] s o ta* l < (4. *%BB^xa^-ii(: 
Mt?m?mi% t - . ^-t ^° ^ - ju» # i» ±-^-t 

{; iai3&> o r -f -b r ^ - nsn» L {i»T-ra» 5 il ^ . 
[0016] Sitzai L <(i. Kffi^Jl-t-b^f-t: 

$ t> izif* . 79 - t i bui ei*is^T»t (i .a# $ 

tr 9—WG&b &1t*. -f -br ^-^n •■/ ^(i-t-fe r 
A § ill. m 1 .at/» 2 ^x^^^ t . ^ ^ *: ffitil $ * © 

a. *-mmm±xwmmzm% * ^s».r)^s 
. m x&mffiiztemssi i ^' ^flw^sr^jfis $ ix 

-cm l ^xl=^iiLTffi^$ii^^^^^)jgffir 



im¥ 1 1 - 3 1 2 6 ? 0 



mt&**7 9-®*sM£®9i;Zlt&£olzm!&LX%r> 
[0017] *%BBt i&GaN^SIftlBiffl*^^ 

litfx j)m\*m 1 >t poik * z t iz x 9 . 

* h'^m^c <t * ^a^^raii^'t < . , 000 cv) 

-rax Mm*mm.?)fc < -cit i ^ . autum t -t-*>jx& 

ly^ni&X1)Uf*:Zixfz-<r-t7?-lzX 

[ 0 0 1 S ] 

[ Jtwjmi&crwm ] liTizmimmimm ix *m 
ivtmizmm-z , 

[ 0 0 1 9 ] m 1 ft3?M 1 1 {z*%WJ)W. 1 HJfcW£--r: 

1-01 c^Bfi^i 1 mstmz x zQ^mwrnm 
*ft«fc^>Ltf>-c*is.fc4#, ffiiaiWKjBi^SrflS'T) r. 

[ 0 0 2 0 ] HI OTc*ft^R^#m)«OTB'f-S(2) 

*JHf4fftteS(9) h . S«(17)*t«*^->f -br^-(b) 

^^flaBI'&fc^RF (radio frequency) t - 9 
(12) b . ftJgffifrCtfmt} 

85(13) Rlt^'(l)ii^-h#(14)^atTS« 
a — f - * y/f -v i ' ' <- ( 15) t * -6 o 
[00 2 1] ^2)liREoyxjEE:fc£8ft*SfMN£: 

l . ftstMvmz? i iummznm*t\?zw t- ? (id 

izX ') 4n»*ft£i 'IW»t'l)l)fi^o^it 

[00 22] nm^xtw^-sxm^ti^^m: 

$ i i'C & 0 . Jft'fl * " *■ «Stt h is -v V -g& (5 ) i: 
&*ftl$:Jf|J#H-S «fc 3 ^»3^«jSS(4) SrStf. GaN 

TflJ BKtrt: > ^ ^-SP ( 5) ZM& I X -fr-k r ? - (6) J) 

\ax\ K?s -cnn» $ ft r > * - r # x ^4 $ ft 



9 L fc-9"-te 7 9 - (6) ±<0*« (17) ±HGaN¥«ffc??K i 

[00 2 3 ] HDCVDIg-CGaNiNlfrSr^S-frSB*, 1. 

*>. vv-f K7f H (hydride) ^Xi:*«A«(Ma)v-x 
fc'^'ffl^ 'ifiifcW-fe T ^ - (6) <7)±t SJS*C J: 
0*«E(17) H3c«Sft-fi?±-rS - i: 435: S «*f«[* 
L^iUmm^-^zt£h^<7)^£ otT. i9R 

*wim£t&fzMzftm3)n'pfflmzm®m(4)*W: 

1 > izX 0 . Mim.tfM'<OkX' £>Z>-y--t~ r *-izX o 

( 17) _tiz$m-tz> z t tf-cz h , \mm<nm\nmu 

x&itwMtixcDim&mzfcixmz*) . 
±jzmni:mfcthzt{>x-*& x oizmnziiz.. \*i 
mzmm (4) ^-t-t 79- tmm-th (aat^-r s 

J; S JS^ fix (rtumz t fti> 1* . T^CBP 

\i%com\mzx ^wMfix^ximzmH 1 xmmx 

W=5r}f «US^*^rS6t $ * , SKIS ffl^r^df« $ft 

[oo24][i2~!26 iz*%mizxz>{t^*&fcm 

(9) i: mmZtiX rtfiWRffiSBKcRJC^JSflSr#A 
■fSPJ15Sc^Aa5(40) t . IT-feT *-$r£ffr1-*:£ft 
SIS(46) SrW-r*T3Pfi(45) i: . t^t^-^lWiiL 
^«USiB(4)S-*-t4±*fi(42) i: . ±»ffii:T»SSr 
S3&t4MIM(43,44)$:&fc. JiSS, TSBM^ffll 

4 o tim® (4D {i#A»(40) t m&y s-ais-ts 

SS(41) * jfi rCiMB^S&i a BfCRffitfxti v y 
(5) * gt "Mt § til . TgPffi (45) ^Bg^^lTTa'ffi (4 
5) rt^hgp t3iaj $ftfc* JtSS (46) (iftiii" 5ttr« 
-cD(El9^)3§e(48)#'A 0iitf»(33> ±3P 

5 <.42)P)ffi®m (4) <±£&g& (46) J; 0 $ ft 4 - t 

&s r -r « as r {i^wii (3 a s i*js^jsbsp t a x m 
ai§fts 

[ 0 0 2 5 ] *H!(2) t F^M(3) t «7)fSf )Sfat{ir*je(3 

iitzmwx^mtM-^tix , {mifrtrr)#>7iz 



1 1 -3 1 26 50 



i o o 2 6 ] mi i o t*%BBt; j: 

(±«S(17)*jd*L[BIlK$-lJ:S0lK9J(3O) fc - EH£S(3 
0)5rBBtria^au<31) *r*tr. H^O^iWKi^S 
(3) *>TSM! (45) »(46) tf>3l (33) izX'O jifc^S 
(48)£tf1-«fflifiaS(47)jW*3ft6 

* - JO: DflSStt * #J.f L T ttlrni ttllkt^ 

s . r > t - Tfiti^f (7> #®5gs (3D zmm i x mi 

<31)*<rt«(3)t!iaS$<t^lBf. @l£gP(30)£S3li: L 

mtimfMrn^o) «r ^ -cnug son c 
ffM $ i (50) izmM *iv: (3) ^rts^ia 

Ffflfz^ S}g ( 17) ^# $ ivfz^r-t r ^ - (6) 

( m i ^> r * - isiict - ? (5i ) t sstta««i^^ 

IZtch , ^t/y -(^lllte»(30) fc-e^.tCBAtflfcS 
^(17)(iftg(3>?>T^ffi(45)£*ILL[5l-&¥ffi±^ 

{iatti -t^r^-(b)coisitegp(30)t. asaon 

t. fiffi$<32)(2SS#>^ t K SiC(silicon carbide) 

m < t w)iir L »)^a^ft_h-c-% -teg© «* 5 tz-t s . 
a* < f--t^aj^ftw»s^-br^-i?5@s»(3i)± 
■?3SlR(i7)is< tt;<t oa*-f *yfflh& 

j&z&W&mJ *>J)®%.*:mt\\mth» <m i *y 

m-^ii. mmi ^yiimvis^^-mvfr^mn 
mm'^nmhizx ommn) zfafrmfoizmm 
as j: iiznuE$iiz>fz&, mm i*ycnm%.\i% hlz 

[ o o 2 s i at . *m*r>& i mmizxzft-sito* 
&fcmmmmKfcmztt Lxmmitz.mi mstmiz 

tltmmiTy^-Tm&m i +t J t-7°?-ftmz--ft 
IzflffiZti. -rt-rf-bT >*-TWW!t{zm $ K £ 



[00291012 H3 18 t^SfcHJP)* 2 $mM£* 
1\ mi 2lZ?f:*ixfzGall¥&ftmmm*¥-KfemiT 

y*-Ttfxffl&&w*r*79-ftW>% J 9(M*t¥. 

it|3Ii&*(0!i.tf. SOO'OTa^SiiSt^. S2^ 
SSffl-CtiSH^ t - 9 iz£ h Wt^MWM^h l fz 

?-_h<7)S^M£)tt21000rJ: Offit 'Fif^jS^ 

[z-th.. 

[00 30] WT. *%BB^»* 2 HJIPIIt i SGaN 
«4SSffl*¥KJE*F^0 12-018 ^#.BS ixmn 

vimir-gB&itz, 

l 0 0 3 1 ] E3 1 2 (Z*§n^GaN¥S*S!jiffl* f R 

iEiF(100)(3T. r>^-T^'Xt^gK(110) h- ^-tr"' 0 
^-i&S^-t !> fcrttfXSSHS (120) (101) ^) TSI* 1 

o3iai l ^ij*3(io2> c (0^-^) #>u bizx*) ms[ 

«aMR(120)t{iSfipaP(102) '-llPK(120) .h 
1 ) tfUft $ il S , f W±(ZS« ( 17) tfjfjWi I) -^--fc 7' ^ 

-(i3o)^«i(i34) t-c«ttss[«![Hi«Eas(i35) tcaus 

&ttefttt[U!KSiS(135HcJ: 9S95«(120)Ol]^$ 

its, ry^-r^fla&a(iio){i3saEK(i2o)t!iflt 
3n^BHP(i22)s-iitTa*»iiTisorv-t-r^^ 
ims&ftmiiDiz*. *)mfflgum)izm%.zti&. t 

- TtfX{m&£ftWL(m) UtZ <7)Sfir«(lll) .b 
*aER(120) kcoffl* >—)l-ft O 'J > :/(l3;rHH*) *r 
«^«.»(112)*«ilfit$<lS. 
[00 3 2] HI 3^^2HHCT<7)r>'*-r#t^gf;(i 

10) b . ^r^r9~{\30)RUm^m\20) Srl¥iHBt* 
^-Tffi^a5(110)(i:^t7)4'^W5SL^r> 
-rft^i=(ii3) .h . r >'^-Ttt*&«(U3)^)Jia5<: 

ffltf t-^'ffdW) h . h-^tf^TKTTy*: - Tffl- 
^W(113) S:HO**(115) t . *ft(115)^T(cf5SL 
JSffl*^ T y t ft^i= ( IB) £ >— ;i/-f 4 mms 

(quick couplingseal , 116)5r^t;, *fls(ll 

5)(i^c7)fiijffi^ffM$ix^»)^ffi*&iiS«(li7) h , 
I WiffM $ ii t - 9 1= ( 1 1 4) vm* h > - 

-? f g(umi^<7)-M%X*t-?'§£ 0^#^J?3 i 

iss*irtS77»*a^)*»(ii9)(z*iiS$iis. * 

as (1 19) tt t - * flf oE» ( ) 1 § ii . £t8 



(6) 



ftm¥ 1 1 - 3 1 2 6 S 0 



t±irt ( 1 17) *- a t x rap aow m 

blzX 0*95S(l20)(;il.«5iiS. £ft*E(lll) tSgfi 
&(120)ottK> im*T> uxMaMSBSftS 
[00 3 3] t-^tfUU) !:l-n±PBNt-:?#ffiffiS 

ft 5 rrt-Titt-?'^ -OMWhM£ HfrRF n 

oi^*<. 8>iji<ot-fT-a6tT5ns^y>, aero 

[00 34 ] -«H:T?-n30)(iSiC:i~f 4 y?*titz 

■^SrfnJ-s r * - < 130) a-e ^>TSffi r esci-c 
t'j/f; miwvmttii. as. ty/r^sm 

l ) OF (Kit 'i r-r > t£ > IBIR3£BV Ct-^ (132) * ; 
tmZtiS,. t- f (132) t lT(iPBNt-?#f£ffl$ft 
* . t f-f M ( 1 31 ) i± t - ? ( 132) frt> £(tfc* £ 
* * tf"C H: r * - ( 1 30) tf^-fcSJlfrfli b =Sr I. J; t 
, t (132) (it: 'J yfVSi ttffit* 

tofttm >fz^wz-:m.&M(m)zwtiit -9 (132) 

34) T»tta[*[allca5(135) CiSSSft*. -t-b^ 
* - (130) £ HUE 5 •£ S ^OiEi!j^{ifiOE* 3 OT^: 
(iE I (137) yT'J >'.^(136)fc»tta«s 
0036^(135) . *lTtt(134)£&r*U:^f>'«(13 
l ) izim * ft l> . t - ( 132) ii*3B« ( 120) cms? $ ft 
138Hz i: 9£i#3ft$. «ttS*[B]|E3(135) 
(i3S»«(120)7)T»iB^)i«A»(l39)(:«*fSiiS . $ 
fti«*0feg|5( 135) i 3 AS(139) b ORUClfi^O/L^ 
00 'j y^dl^T) SrSg-fSaKUO)****. O 'J 

v y * fiOi-4- 1. fc*v)#ai*a» < 141 ) 
s$riit~jBJS£ftTi>£. 

[00 3 5] sg(3. 01 2frt>&h'i. Txt-T^ 
$(115)OT> t-Tffi#&«(113)(i-5-« hSSaBCt F*lM 
( 103) OTSPffi (1 45) Lfc* a - rSggitiS (14 

ti)C» A^iiT^S. t-^l : (lt4)(i^ J .-7"5!^ai 

ai(i4b>^ssai fcfifMrr-s , -j-jL-:^aja5(i46)(iT 
■aBBS(i45) i &£omxim(m)cr>M-%$ttzm(u 

>^(irtfi<103)A'oRI£3ftfc^^rt'^*,$ 

[00 36] ^'t-Tft&^dl3)OT^KfJ;&?ft 
7^r> Ti-t-Tfl»M?(113)tf)t-? 

•1= (11 4) Tffl i ft£S?# £a*§ L =5c-3&« ^ ^1000°CT-JD^ 

*tit . ipJ»§iifer^-r^.^(i«fea , )Bsn-ca* 

f itytfX^m&l. BtfLZtlTzSm-l *>#ZHTy 



^(9)*^OfltlOIIf4^^»fit!jb?l^§^T£«(17) 
1 fclSHrcfcS. 

[00 37] ^7°?-(130)(il*]M(103)OT«14 
5)l»c£ft*:fiPd47)(l, t'jrr>'«t(131)i:^-fe 
T?-(130)i: , -^r7°?-±£g=f £ft£S$(17)/,> 
rtS(103)WT»iB(145) iB&|ll-iS5r^1-l o (l{iS"t 
fflP(147) b t 'J 7"f > (131) fctf)|S|c7)iaHliJnX£ 
#*L"r«limi:-f 6. 

[ 0 0 3 S ] HI 4 -HI 8 l^^f^ 2 UStWd i 
*RiE*P<7)l*lS(l03)**-f , m2^Sfi^»rtM(103) 
(i. % 1 HMOrtS(3)^TgPffl(45) J:7»^a5(46) 
Oft OH, Tyt-Tft&l=(113)tj£££ft£^a- 
7-'M^tHgP(146)fc. tf-trr^-dSOJ^fig^il^^n 

(i47)*n r anii(i45)±tsffi§ii5 1 ^o&xwz* 

[ 0 0 3 9 ] 13 1 9 - m 3 2 (C*^BO* 3 gflSfflS- ^ 
i-. HI 9{i*5^GaN^f4cSjiffl*^/KJiE^(:(i 

-fe-r ^-oja^Ji^ 1 Hf6fi?iJoi: o (^(-So?h^n i 
.'l-J^KCSaSii^RFt-y (212)(z«fc "55:5*14 . 
[ 0 0 4 0 ] JUT. *IHH^SB3^Stffl(cJ: SGaN-^Mf 
««Jiffl*¥RJfflPt El 1 9 HH 3 2 S- m, IXfflWt 

& . *i *itWRtx» 2*M«i: ra-a^a^aJifiiti 

[ 0 0 4 1 ] m 1 9 lC^?iT./SGaN^f«Kiffl* ¥fe 
(200) (i-t-t 7^ - (230) O0IeA { "^ffil&S (21 0. 2 
12)^atTKJe^(200)O?W^f4t^?ix|>^^X 

mmvfoh, ttz. 7y±-Ttfx$%$(uo)tfw- 

r > -*-r ^ xft^gp (110) 3&»4>et*&3 Jd»§ iiX- 
T>'*-T#X(i«ffl^|*lS5(216) Srfl fC . F*]l(203) 

> $3Wh h < m 3 H*ffll(ii8ttiSf*»^fEa»S:ttffl 

H-^»**^< . rv-t-r^ffil&IBdio)*'*^: 
SI* ? ftS . RtE^o^ (202) H r y*-Tif ^ 

[0 04 2] H2 0-H2 3(23l3liJ»)|*lg(203) 
JMmirs-f, rtM(2O3)(itel!J0RrtlB(21b) SriiiiL^ 
T> t-T.^X^'M^P B y ^7^/l4X'J -y M218) 
*>-+7-a5(5)CBI«LT^-rS.. X'J ■•/ hfcrtfi(20 
3) Oft □ i: O^Hfijg^ffi (4) HWfSl-f S ttSd-^-b T 



(7) 



1 1 - 3 1 2 e> 5 0 



[004 3] ia2 4£#KtT^-tr*-(23O)<7)0!fc 
^WSrittBJJ-tS, -t-t7"*-(230)(i[l2 5 HI 2 7*- 
#53'- •ZW&t& J *-t? , 9—'7v -/ 7 (260) , 
-laK63f(262)atX-t-bT^-(t>^Riasai5(ai4) £ -Sits .. 

-t-t r * - (fM>R©ap (264) Jimzms * titz 

!=(266) £ jl tX . ifX\mmn2Wl>WtZtlK *# 
ti , xfj+Hr 7° 9 - ^<l>P3fti3P (2b 

\)c>wmmizmihiit:m%cr)ffin cm) *» tx°t 

tUStl-ZV-tT 7-«KfliSfS5(264) t . ttr 
'l>P]®S (264) S E 9 IffitfM: T ? - 0(E»(262) v7>« . \ 
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